Abstract-Asian citrus greening (hereafter, CG) is an incurable disastrous disease of citrus, caused by the pathogen "Candidatus Liberibacter asiaticus" in Asia, USA, and Brazil. This pathogen is transmitted by the citrus psyllid Diaphorina citri in these countries, and trees, once infected, die within several years. Psyllids that acquire the pathogen in their fourth or fifth instar transmit it most successfully. Since no bactericides are available for sustainable management of CG, current CG management techniques depend mainly on the control of the vector by insecticides. Monthly or every-twomonth application of neonicotinoids is perceived to be the most effective technique for vector control. Cultivational measures for CG control have also been investigated. Recently, guava interplanting has been found to be more effective on CG for about one and a half years after planting, during which it prevents CG invasion almost completely. The efficacy of guavainterplanting would be overcome by that of insecticide control in three years, though. In orchards surrounding or located in areas with dominant prevalence of CG, insufficient or inappropriate vector control allows invasion of psyllids into the orchards, resulting in severe infection of the trees with CG. None of the current management techniques can completely prevent psyllid invasion. Thus, regardless of the management programs that may be undertaken, CG expansion is inevitable. Irrespective of the knowledge accumulated on CG in the past decades, the extent to which individual management techniques can contribute to reduce CG remains unclear. Here, we review the management techniques for CG and attempt to evaluate the efficiency of individual techniques in reducing CG occurrence.
I. INTRODUCTION CG, or referred to as huanglongbing (HLB), is perceived as the most disastrous disease of citrus. Three bacterial species are suspected as the pathogens of this disease: -Candidatus Liberibacter asiaticus‖ (Las) in Asian countries and the American continent, -Ca. L. americanus‖ (Lam) in the American continent and -Ca. L. africanus‖ (Laf) in the Arabian Peninsula and up to the African continent [1] . Their distribution corresponds to the distribution of their vectors in the natural distribution areas: the former two pathogens are transmitted by the Asian citrus psyllid Diaphorina citri Kuwayama and the latter by the African citrus psyllid Trioza erytreae Del Guercio [1, 2] . However, cross acquisitions of the pathogens by the vectors also lead to successful transmission [3] . Since no curative treatments have been identified for any of the pathogens, trees once infected die within several years [4] . The current management technique, which is perceived to be the most effective technique and practiced most commonly, consists of the use of disease-free seedlings [5] and vector control by insecticides thereafter [6] .
Before this disease was recognized well, farmers often used nursery plants multiplied by marcotting or air layering on grown trees, without paying attention to whether the mother trees were infected with CG or not. This facilitated CG expansion both within the orchard and between distant orchards [1] . If all the mother trees are infected with CG, all the resultant plants will already be infected at the time of planting. This congenital infection of nursery plants by the pathogen can safely be avoided by using nursery plants produced under disease-free conditions [5, 7] . This is the first and a very important point in CG management that the risk of pre-existing infection is avoided. However, orchards with disease-free nursery plants are vulnerable to repeated invasion of psyllids after the planting of the nursery plants [8, 9] . This repeated infestation of nursery plants by invading vectors results in an increase in the probability of pathogen transmission to seedlings. Thus, the second point to be considered in CG management is the extent to which invading vectors are efficiently controlled.
Viruliferous psyllids, which invade intact orchards, transmit the pathogen to healthy trees. The probability of the transmission may depend on the conditions of the environment and/or the vector [3, 6] . This infection by the invading viruliferous psyllids is called primary infection. Psyllids that acquire the pathogen -transmitted by primary infection on diseased trees become carriers and will transmit the pathogen to other healthy trees. This infection by natal psyllids in the orchard is distinguished as secondary infection. Psyllids that acquire the pathogen when they were nymphs of the fourth or fifth instar transmit it more successfully than those that acquire the pathogen in their adult stage [10, 11] . Both infections may be possible anytime in the year in regions where viruliferous psyllids invade orchards and immature individuals from eggs laid by the invader psyllids grow throughout the year. This situation requires repeated application of insecticides throughout the year [6, 12] . At this point, the time interval between two applications should be focused upon. The interval should be determined both from the probability of psyllid invasion in a given time and the duration for which the insecticides can maintain the lethal level, known as residual effect. Numerous studies have been carried out to evaluate the efficacy and residual effect of various insecticides. Insecticide applications should be taken into account thus with the understanding of the insecticides as well as the population dynamics of the psyllids and the epidemiology of the disease. These are the central issues for effective management of CG.
On the basis of the results of the previous studies, we first summarize the techniques shown to be effective for the management of CG. Then, in the parts of this review, we have attempted to assess the contribution of each control practice for overall reduction of CG occurrence.
II. PATHOGEN OF CG AND ITS PREVENTION

A. Genetic Characteristics of the Pathogen
Two distinct types of the pathogen of CG had been known until 2004: the Asian type and African type. The two types are distinguished on the basis of disease severity and temperature tolerance. The former is more virulent and heat tolerant than the second [2, 13] . Recently, a third type, -Ca. L. americanus‖ (Lam), was reported from Brazil [14] . Overtime Lam incidence has decreased considerably and currently Las is the most prevalent species. The incidence of Lam was decreased possibly due to its lower tolerance to heat and to its decreased ability to multiply in citrus than Las [1, 13] . Las and Lam are transmitted by the Asian citrus psyllid D. citri in their original distribution areas, and Laf is transmitted by the African citrus psyllid T. erytreae in Africa. However, there is no specific affinity between the vectors and pathogens, e.g., Las and Laf are compatibly transmitted by both T. erytreae and D. citri [2] .
After transmission to host plants, the bacteria are confined to the phloem cells of the host. They are classified in the alpha subdivision of the class Proteobacteria on the basis of the 16S ribosomal DNA (rDNA) sequence [15] . Although the bacteria have been successfully cultured [16, 17] , stable and durable culture methods have not been established. The complete genome sequence of Las has recently been determined for a strain from Florida [18] . The genome appears to be a single circular chromosome containing 1227204 bp with an average guanine-cytosine (GC) content of 36.5%. Multiprotein phylogenetic analyses have indicated that Las is an early branching and highly divergent member of the family Rhizobiaceae [18] . Genes, including 16S rDNA and the ψserA-trmU-tufB-secE-nusG-rplKAJL-rpoB gene cluster, are highly conserved among the strains of Las, whereas remarkable genetic diversity is observed in the fragment flanking the bacteriophage-type DNA polymerase region [19] [20] [21] . It may be tempting to associate these phagetype genes with pathogenicity. However, it should be noted that some Japanese highly virulent strains of Las lack the bacteriophage-type DNA polymerase region [21, 22] . Further studies on the sequences of several different strains are needed to fully understand the genomic function and pathogenicity of Las.
B. Management of the Pathogen
Once established in orchards, CG is difficult to eradicate since no direct effective control measure has been developed for the pathogen. The primary strategy for the control of a vector-transmissible disease is the prevention of pathogen invasion into intact orchards and removal of diseased plants in or near the orchards [23] . For the purpose of risk reduction in CG, two modes of CG expansion should be taken into account: human activities and vector dispersal [1, 3, 12] . Risk management should be established individually for these modes.
Pathogens may be accidentally introduced into new areas with the transportation of infected plants by human beings. Quarantine measures are very important to reduce the risk of human-related expansion of a disease. For efficient quarantine practices, simplification of methods for pathogen detection without losing precision is indispensable. Las is unevenly distributed in citrus plants in very low concentration [24] , and common serological detection methods are not applicable. A more sensitive detection method, which involves the amplification of a portion of DNA with polymerase chain reaction (PCR), is now commonly applied for the detection of Las. Some regions of the genome, which are highly conserved among Las isolates, have been chosen for designing several PCR primer sets [25] [26] [27] [28] . More sensitive methods such as real-time PCR (RT-PCR) or loop-mediated isothermal amplification (LAMP), which is simpler than PCR, have recently been made available [20] .
III. CULTURE PRACTICES FOR CG MANAGEMENT
A. Use of Disease-Free Nursery Trees
When orchards are renewed or newly established, it is imperative that the host plants in or near the orchards are removed [1, 2] . After the removal of the host plants, diseasefree trees cultured in a nursery completely protected from vector invasions should be planted in the orchards in order to avoid any pre-existing infection [5, 12] . For further safety in the production of disease-free nursery plants, the scion should be taken from disease-free mother trees maintained in places with high-level safety. If a desired cultivar is suspected to be contaminated with the pathogen, all the trees should be immediately discarded and disease-free mother trees should be produced again. For the production of pathogen-free mother trees, shoot-tip grafting is recommended [29, 30] . If technicians and facilities for shoot-tip grafting are not available, Las-free mother trees may be prepared from buds soaked in a penicillin suspension for a few minutes before bud grafting on rootstocks [31] . Penicillin treatment can certainly exclude Las but not other relevant pathogens including tristeza virus that sometimes induce symptoms as severely as Las does. Hence, when other grafttransmissible pathogens like viruses are also suspected to be involved, shoot-tip grafting should be practiced exclusively.
Once the system for the production of disease-free mother trees is established, the trees should be carefully protected from Las infection through the invasion of psyllids.
They should be kept in Las-free areas or in screen-protected nurseries that are rigidly constructed for protection from insect invasion. This is probably only the way to prevent disease infection at present. Nursery plants should also be maintained in Las-free areas, though being a less reliable than the above. Among areas heavily infected with CG, Lasfree areas may be found in mountains at high elevations or in gap areas isolated from infected areas by, for example, forests or large rivers. Care should also be taken to prevent exposure of nursery plants to psyllids during transportation to orchards.
B. Use of Resistant or Tolerant Varieties
Varieties resistant or tolerant against CG are very useful for planting in places where CG is abundantly distributed. Although some varieties are referred to as being resistant or tolerant [32] [33] [34] [35] [36] , further studies are needed to confirm their characteristics for large-scale use in fields [37] . Resistance or tolerance against CG is not found to persist in major citrus varieties, including orange, grapefruit, and mandarin. Further, resistant or tolerant varieties may not be available in the near future.
In the inclusion of varieties presumed to be tolerant or resistant against CG, the mechanism underlying the resistance or tolerance should be considered. If the varieties are dormant reservoirs of the pathogen, they become sources of CG infection in the area. The removal of such pathogen reservoir trees is less likely owing to few or no distinct morphological symptoms. Psyllids, which fly to or grow on these trees, acquire the pathogen to become successful vectors and aid disease expansion in intact orchards. One example is the Chinese box orange, which can be a reservoir of Las [38] . If pathogen reservoir plants are economically less valuable, their removal may not encounter disagreement. However, it may often be difficult to cut down trees because of religious or social reasons [4] . If trees are not removed, wide-area spray of insecticides may be needed on both tolerant and susceptible varieties [1, 2, 4] .
C. Prevention of Vector Invasion: Windbreak and Interplanting
The first principle of CG management should be the prevention of invasion of viruliferous psyllids into new orchards after their establishment. In Brazil, it is recommended that new orchards should be established at least 5 km away from old orchards in order to facilitate the creation of a buffer zone by using non-citrus crops, e.g., sugarcane, between the orchards [39] . This may not be possible in Asian countries where citrus orchards usually extend to areas smaller than several hectares. In these countries, human population is dense and host plants of psyllids are often planted in private gardens [6] . In such situations, a long distance between orchards cannot be maintained, and accordingly, vector invasion should be considered within each new orchard.
The primary function of a windbreak is to protect crops from wind [40, 41] , although it sometimes fails to do so [42] . Plants in a windbreak may often exert adverse effects on the crops under cultivation by themselves providing refuge to pests [43, 44] . Attention should be paid to avoid the use of plants in a windbreak, which negatively interfere with crops either directly or indirectly. Thus, carefully selected plants for windbreak will not only protect orchards from wind, performing their original function [45] , but will also contribute to pest management in the orchards [46, 47] . For instance, windbreak reduces the occurrences of citrus canker by 37%, compared with the disease occurrences in orchards without windbreak [48] . Although no studies have been conducted to evaluate the effectiveness of windbreaks in CG reduction, their efficacy cannot be ignored while considering examples of other pests.
High vegetation of non-Rutaceae plants on or near the border of an orchard may disturb visual detection of host plants by psyllids that try to invade the orchard. This disturbance may result in protection from psyllid invasion, thereby reducing CG infection [49] . Another possible function of a windbreak is to act as a -reservoir‖ of organisms that cause no damage to citrus plants. When few psyllids and/or other pests on citrus plants are available for predators, the reservoir organisms may be utilized as prey by predators that move on to the windbreak. The roles of windbreaks in CG management should be studied in more detail.
A similar use of vegetation as in windbreaks is for interplanting. The two types of plantings are different with regard to the place of planting and expected economic return. Crops on the margins of orchards, as in a windbreak, may generally be of less economic value and are required to grow high and be sufficiently strong to obstruct wind flow. On the other hand, crops planted among the main crop, as in the case of interplanting, are more importantly related to the growers' economy. Hence, interplanting is performed to increase the total income from the orchard, protect the main crop from pests or diseases, ameliorate the soil condition, supply nutrients to the crop through nitrogen fixation by the interplanted plants or water availability for the crop, or a combination of any of these [50] [51] [52] . The effects of interplanting greatly depend on the combination of the primary crop and interplanted one(s).
Interplanting has been widely performed as a pest management technique for direct or indirect interactions against pests. Interplanted crops interfere with the search of pests for appropriate hosts in various ways: they produce substances that are repellent to the pest species or facilitate predatory species to maintain their population when the prey does not exist in sufficient quantities on the primary crop [53] . The use of guava interplanting for CG management has recently been reported [54] . This topic is referred to later in this review.
D. Nutritional Treatment of Infected Trees
Appropriate and sufficient nutrition makes crops more vigorous and resistant to the attack of pathogens [55] . From this viewpoint, it would be expected that a sufficient supply of nutrition to infected trees would reduce CG development in the plant body or at least facilitate trees to survive longer with higher fruit yields. Mineral deficiency is particularly fatal in CG-infected trees [1, 2] ; therefore, treatment of infected citrus trees by extra supply of minerals such as Zn, Mn, Mo, Mg, or Cu does not contribute to reduce the CG infection of the trees, although it contributes to increase fruit yields [56] . Hence, although nutrition treatment cannot be expected to reduce CG infection, it would be included for the CG managements described below to make the reduction in fruit yield in the infected trees [40, 56] . For this purpose, economic evaluation of the risk of disease expansion and increase of income from the crop is required.
IV. CONTROL OF VECTORS BY INSECTICIDES
A. Efficacy of Insecticides in Vector Control
Extensive knowledge about psyllid management has accumulated in the past decades, indicating that psyllid control by insecticides is the most practical CG management technique [1, 6] . The important factor in the selection of insecticides is not only the efficacy per se but also the latency to reach the lethal level and the duration for which the lethal level is maintained. For the control of disease vectors, it is particularly important to elucidate how quickly an insecticide attains its lethal level after application in the appropriate mode; this is because the longer it takes to reach the lethal level, the higher is the probability of pathogen transmission. Insecticides thus reduce disease occurrence significantly, if they achieve the lethal level before the pathogen is successfully transmitted during vector attacks. Naturally, insecticides should be reapplied for efficient control of psyllids before their effect decreases below the lethal level. Hence, three factors, namely, efficacy, latency, and duration, are involved in the effectiveness of insecticides in CG management through vector control. Here, we refer to insecticides anticipated to be useful for CG management.
Fenitrothion is the best insecticide with regard to the quickness to reach the lethal level, among the insecticides examined for psyllid control [57] : it terminates 100% psyllids in one day after application, whereas other organophosphates and synthetic pyrethroids need two days to reach this level. Although these insecticides show little or no lethal effects in one week (0%), some of them applied in fields do not allow psyllids to resume their population growth for a long time. Imidacloprid, belonging to neonicotinoids, exerts such postapplication effects after its effect declines below the lethal level [8] . In particular, if overwintering psyllids in citrus orchards are controlled by broad-spectrum insecticides in the post-winter or pre-spring flushing season, their population growth cannot be resumed for one crop season [58, 59] . Avoidance of insecticide application in summers facilitates the maintenance of natural enemies at high densities and thereby contributes to keep psyllid populations at low densities.
The above strategy, i.e., insecticide application confined to winters, appears to be feasible in the subtropics with winters. Psyllid population changes periodically: it decreases from autumn to winter and starts to increase explosively just before or in the beginning of the spring flushing season [60] [61] [62] [63] . These phenological changes may be predicted with reasonable precision every year. Hence, insecticide application in the pre-active season can be anticipated to affect psyllid populations in a similar manner every year. On the other hand, psyllid population in the tropics may afford to increase throughout the year owing to the hightemperature conditions, while fluctuations may be observed [62] . In these regions, psyllids invade insecticide-applied orchards from neighboring habitats anytime in the year, although the temperature or precipitation conditions influence the growth of the psyllid population in the tropics [64, 65] . Hence, psyllid populations get recovered sooner or later, regardless of when psyllid control is undertaken. Thus, CG management under these conditions requires more frequent applications of insecticides.
The frequency of insecticide application is determined by the interval between two applications, which, in turn, is determined by the duration of the lethal level of the insecticide. In general, systemic insecticides, which are represented by neonicotinoids, maintain the lethal levels longer than non-systemic insecticides such as organophosphates or synthetic pyrethroids. Regarding the longest duration reported thus far, thiamethoxam maintains high mortality (>80%) against psyllids for four months and continues to show >60% lethal level for additional one month in southern Japan, located in the subtropics, while dinotefuran exhibits such high effectiveness for a maximum of two months [66] . High temperature affects the effectiveness of insecticides against psyllids [67] , and this may explain the reduced duration of the lethal level of neonicotinoids, i.e., two months, in the tropics [9] . Thus, two to three applications of thiamethoxam will suppress psyllid populations in the subtropics, whereas at least six applications of neonicotinoids will be required in the tropics.
B. Effective Use of Insecticides
As described earlier in this review, two modes of infection of citrus trees with CG have been distinguishedprimary and secondary. Primary infection is attributed to pathogen transmission by viruliferous psyllids invading intact orchards from the ambient. Psyllids that acquire the pathogen on the diseased trees in an orchard transmit it to other healthy trees in the orchard. This dissemination of the pathogen within the orchard is called secondary infection [68] . Thus, the control strategy may be changed according to the target that the insecticide should control.
If psyllid invasions in a given season can be predicted with relatively reliable precision [69] , they can successfully be controlled by applying insecticides intensively either before or in the season or both. On the other hand, in regions where psyllid invasion is difficult to predict, insecticides should be applied cyclically or periodically according to the duration of their lethal level. This application mode might lead to expect that psyllids would be controlled well and thereby CG occurrences would be reduced.
Nonetheless, CG infection is inevitable, especially when trees grow in the harvesting stage. The efficacy of insecticides is affected by tree growth. In a previous study, when neonicotinoids or organophosphates were applied on grown citrus trees aged ≥two years by leaf spraying, soil drenching, or trunk painting, long residual effects could not be observed [70, 71] : only leaf spray could reduce the psyllid population for a maximum of one to two weeks. These results correspond to those obtained in the subtropics of Japan [54] . The timing of two insecticide applications should be changed as trees grow older. Hence, regarding insecticide application, it is recommended that aqueous solution of neonicotinoids is applied on the soil around the tree trunk every two months for two years after the planting of nursery plants, and, thereafter, organophosphates are sprayed on leaves twice a month when psyllids are abundant [71] .
V. PATHOGEN TRANSMISSION AND DISEASE REDUCTION
A. Efficiency of Pathogen Transmission by the Vector
Liberibacters transmitted to host trees multiply sufficiently in the plant body; these are acquired by psyllids that fly to the infected trees, and which, in turn, transmit them to other trees. This cycle is repeated so that the disease spreads. Once acquired by a vector, the pathogen multiplies in the cells of the midgut and travels to the salivary glands. -Ca. L. asiaticus‖ in D. citri adults can be detected by PCR in 12 weeks after acquisition, supporting the biological data on the persistent manner of transmission [72] . In both the field and the laboratory, approximately 50% of psyllids retain Las in the salivary glands [73, 74] . The proportion of adults carrying the pathogen fluctuates seasonally in the population [74, 75] . Thus, the probability of pathogen transmission by a psyllid is influenced by the age of the psyllid at which it acquires the pathogen, the season of acquisition, or probably the matching of the pathogen and vector strains. However, the last factor has not been confirmed thus far.
B. CG Reduction by Management Techniques Reported Thus Far
Although a number of reports have introduced treatments or management techniques for CG [1-4, 6, 12, 68] , few reports refer to the extent to which individual management techniques contribute to suppress CG occurrences. On the basis of the results of the studies reported thus far, the contribution of current management techniques to reduce CG infection is tentatively estimated here.
Primary and secondary infections may be considered separately. If any management technique can completely prevent psyllid invasion into orchards from the environment, CG cannot occur in the orchards until the lethal level of any measures is lost, provided disease-free nursery plants have been planted. Hence, as long as insecticides are applied periodically so that the lethal level is always maintained at 100%, complete control of the invading psyllids is feasible. Thus, theoretically, complete control of primary infection leads to complete control of CG.
The issue that needs elucidation is the time interval between two insecticide applications. The interval comprises two time-related elements: the latency to reach the lethal level after application and the duration of the residual effect.
For example, if it takes five days for a given insecticide to reach the lethal level at 100% and the insecticide maintains the level for 20 days, the insecticide should be applied every 15 days. The cycle is shorter than the duration of the lethal level because of the time lag in reaching the lethal level when the insecticide is applied the second time. If the insecticide is reapplied on day 20 from the first application, the time that it will take to reach the lethal level will be five days after application, during which the lethal level of the first applied insecticide decreases below 100%.
The above application strategy is problematic in that no insecticide can maintain the lethal level at 100% for a long time and too frequent applications may hardly be permissible by regulations on insecticide use. In particular, careful attention should be paid to insecticide application in the harvest season. Hence, insecticides should be selected considering the following points under the regulations: (1) how many psyllids will invade an orchard in a given season when insecticides are used; (2) how high will be the probability of successful pathogen transmission for unit time of sucking in the season; (3) how many psyllids the insecticide can terminate per unit time; and (4) for how long will the lethal effect persist after insecticide application. As mentioned earlier, psyllid invasion and their population growth vary in accordance with both the geographical and seasonal conditions. Here, we consider the management techniques used under the most severe situation that both psyllid invasion and its population growth are feasible anytime in the year.
In a previous study, the probability of per capita pathogen transmission of the psyllid for one day was 6.3%, but it did not increase linearly with infestation time, e.g., it was 7.7% for one week [11] . However, the transmission probability rises with the increase in both the number of psyllids and the time of infestation. Psyllids invade orchards individually, and probably not in groups instantaneously at once, although psyllid invasion may appear as a wave if the invaders are counted in a limited time interval [54] . For convenience, the values indicated above have been used for considering insecticide efficiency in this review.
The mortality of psyllids on plants applied with organophosphates reaches 90%-100% in one to a few days, while that on plants applied with neonicotinoids is delayed, reaching these levels in three to seven days [9, 54, [76] [77] [78] . In general, the longest duration of the lethal level is one week for organophosphates and synthetic pyrethroids and one to two months for neonicotinoids. Although insecticide efficiency is affected by ambient temperature [67] , the indicated mortality levels are achieved even in spring when psyllids invade orchards where trees flush new shoots abundantly [60, 67, 79] or throughout the year in the tropics [9, 80] . The indicated mortality levels have been considered for evaluating insecticide efficiency in this review.
The following situations are considered for calculating the time interval between two insecticide applications. In case that one tree is exposed to the risk of infestation by one viruliferous psyllid for one week during which an insecticide can maintain a 90% lethal level, a simple arithmetic calculation yields a weekly infection probability of the tree by the psyllid as 0.77% (0.1 × 7.7%). If the tree is infested by 10 psyllids during this period, the probability rises to 7.7%. Thus, even periodic application of an insecticide to maintain its high lethal level will not completely prevent the infection of some portions of trees with CG, unless the lethal level is maintained at 100%.
In southern Vietnam, under conditions of severe CG infection, monthly applications of imidacloprid reduced the CG infection of trees by 75% in the first two years after planting, and semimonthly applications of fenobucarb reduced the infection by 25% [80] . No insecticide treatment resulted in 93% infection of the citrus trees with CG in this period. Although the number of psyllids that infested individual trees in the 2-year period and the duration of infestation could not be known, these proportions of infected trees are evidently lower than those considered above. This suggests that other factors may be involved in the infection of trees with CG in the field.
C. Estimates of Primary and Secondary Infections
Regardless of the factors involved in the probability of primary infection, secondary infection contributes more or less in the same probability to CG occurrences. Thus, if primary infection is inevitable, the next step is to control secondary infection. This can be achieved logically, if all the immature vector individuals in an orchard are controlled before emergence or dispersal. Since psyllids need about 10 days from hatching to reach the fourth instar at optimal temperatures [59, 81, 82] , the interval of insecticide application should be within the sum of the lethal level duration and 10 days. For instance, if a given insecticide reaches the lethal level in 10 days after application and maintains the level for two months, the second application should be performed within two months after the first application. The latency of 10 days of the insecticide to reach the lethal level is counterbalanced by the growth period of psyllids. This application is supported by the results reported in southern Vietnam, where monthly applications of imidacloprid controlled the nymphs almost completely [80] .
By using the above data and calculations, the relative contribution of primary and secondary infections to CG occurrences is tentatively estimated here. Since only a few or no nymphs are found in orchards treated with neonicotinoids [78, 80] , the proportion of CG-infected trees in imidaclopridtreated orchards in southern Vietnam, i.e., 0.239 [80] , might be attributed to primary infection caused by invading psyllids, if pathogen-free invaders would not acquire the pathogen on trees infected by former invaders into the orchard. The infection in the control orchard would have been caused by both primary and secondary infections. Thus, the maximum estimate of secondary infection is given as 70% in two years (0.939 in control to 0.239 in imidaclopridtreated orchards). If these estimates are not far from the actual infections, secondary infection would have contributed to about two-thirds of the total infection.
VI. IMPROVEMENT IN CG MANAGEMENT
A possible CG management technique besides insecticide application is guava interplanting in the tropics.
In southern Vietnam, no or only a few CG occurrences were observed in citrus orchards with interplanted guavas for one year and four months after the planting of citrus trees, while 20%-30% trees in orchards without guava interplanting had been infected in this period [54] . Considering only this period, guava interplanting may be better than the use of insecticides. However, infected trees in guava-interplanted orchards increased in the middle to the end of the second year, and almost all the trees were eventually infected by the end of the third year.
The prevalence of psyllid presence is apparently somewhat different between guava-interplanted and insecticide-applied orchards. Only a few or no psyllids were seen in guava-interplanted orchards in a year and six months, indicating that psyllid invasion was prevented by the interplanted guavas. However, both adults and nymphs in the guava-interplanted orchards were as abundant as those in the orchards without guavas from the middle of the second year. This suggests that the multiplication and dispersal of natal psyllids in the guava-interplanted orchards occurred to the same extent as that in the orchards without guava interplanting. Imidacloprid controlled nymphs well in the second year [80] , and the incorporation of this treatment with guava interplanting may enhance the preventive effect on both psyllid invasion and succession of generations.
Another possible management technique for CG may be regulation of flushing. If flushing, which attracts psyllids [61, 63, 79] , can be induced when only a few psyllids invade, primary infection will be reduced. Inclusion of physical or chemical attractants [83] [84] [85] or artificial diet for psyllids [86] may also be incorporated in CG management. These possibilities should be examined in the field. 
